ABSTRACT.-Dissection of 1607 snakes provided data on natural history of nine species of small «50 cm snout-vent length), widely-distributed Australian elapids. Males and females matured at similar sizes, with males tending to attain slightly larger maximum sizes. All species examined are viviparous, and show similar litter sizes (means of 3 to 9 offspring) and offspring sizes (10 to 18 cm SVL). Fecundity and offspring size were highly correlated with mean maternal SVL in an interspecific comparison. Ovarian follicles of adult females undergo vitellogenesis in spring, with ovulation later in spring and parturition in summer. Museum collections of all species contain approximately equal numbers of adult males and females, as is generally true of small, cryptic elapids. However, the proportion of adult females which were gravid «3% of adult females) was surprisingly low.
This paper describes general ecology of nine species of small "black-headed snakes" belonging to the genera Unechis and Suta. Snakes of these two groups are abundant and widely distributed in many Australian habitats~.Most species of Unechis, like most of the other viviparous elapids, are found in the relatively cool and mesic southwestern and eastern parts of the continent (U. flagellum, U. gouldii, U. nigriceps, U. spectabilis). Some species (e.g. Suta suta, Unechis monachus and U. dwyeri) extend into more arid habitats, while the two remaining species, U. nigrostriatus and U. carpentariae, are restricted to northeastern Australia. The two genera are similar morphologically, with brown dorsal surfaces, white venters and dark heads (superficially resembling North American ringneck snakes, Diadophis). The most obvious differences between Unechis and Suta are in coloration (the black head color fades ontogenetically in Suta but not in Unechis), and the larger body size and higher number of midbody scale rows in Suta (19-21) than in Unechis (15) (16) (17) . A close phylogenetic relationship between the two genera has been suggested (e.g. McDowell, 1967; Cogger, 1983) . Chromosomal and electrophoretic data support this relationship, but indicate also that two of the "Unechis" species (U. carpentariae and U. nigrostriatus) are only distantly related to the rest of Unechis ("gouldii species group") and Suta; instead, their affinities lie with Cryptophis (Mengden, 1985) . The present paper describes the natural history of Unechis and Suta based on examination of museum specimens. The only previous detailed ecological information on Unechis comes from an intensive study of a single population of U. dwyeri (published as U. gouldii) in the New England highlands of northern New South Wales (Shine, 1977a (Shine, , b, c, 1978 (Shine, , 1979 .
MATERIALS AND METHODS
I examined all available specimens of Unechis and Suta in the collections of the Australian Museum, Australian National Wildlife Collection, Northern Territory Museum, Museum of Victoria, South Australian Museum, Queensland Museum and Western Australian Museum. Each specimen was first measured (snout-vent length, henceforth SVL), and then a mid ventral incision was made to determine (1) presence and identity of any prey items in the gut, (2) gender, and (3) gonadal condition (males were classed as mature if they had enlarged, turgid testes or thickened, opaque efferent ducts; females if they were gravid, had enlarged oviducts, or ovarian follicles 18 RICHARD SHINE OFFSPRlNGSIZE.0.205ISVU'6.744 , . 0.68 >5 mm diameter). Size at birth was estimated from SVLs of full-term oviductal embryos, or from the SVL of the smallest field-collected specimen. Data on reproduction in captivity were gathered for S. suta.
RESULTS
A total' of 1607 snakes was dissected, comprising 1170 Unechis and 437 Suta. No specimens of the recently described Suta ordensis were available, but large sample sizes were available for most other species. Approximately equal numbers of adult males and females were present in collections (Table 1) . Body sizes were very similar interspecifically in all of the Unechis gouldii species group (mean adult female SVLs 25.1 to 33.9 cm), with Suta (35.2 to 44.2 cm) and the two aberrant Unechis (carpentariae 41.1 cm, nigrostriatus 36.2 cm) slightly larger. Geographic variation in body sizes appeared to be minor, at least at the broad level used in the present analysis. Males and females showed very similar average adult body sizes in most taxa (e.g. U. flagellum), although males were clearly larger than females in some groups (e.g. Suta). In 14 of the 16 samples shown in Table I , the largest single individual was a male. The minimum size at sexual maturity was similar in males and females (Table 1 ). Size at birth was relatively si milar among species (usually 10 to 14 cm SVL), and sizes of the smallest field-collected juveniles seemed to give a good estimate of neonatal sizes (Table 1) . Larger species produce larger offspring (Fig. 1) .
Interspecific similarities were evident also in food habits. Scincid lizards were by far the most common prey item in all species of Unechis, comprising between 83% and 100% of all prey items recorded ( Table  2 ). The proportion of the diet composed of skinks did not differ significantly among Unechis species (x2 = 8.65, df = 7, P = 0.29). A wide variety of small to medium-sized skinks was consumed, with small diurnal species of the genera Menetia, Morethia, Lampropholis and Cryptoblepharus being particularly frequent prey. However, large diurnal skinks (Ctenotus) also were eaten commonly. Secretive and nocturnal skinks (e.g. Hemiergis, Lerista, Sphenomorphus) were less frequently consumed. Nocturnal geckos were the only other prey type eaten in significant numbers. Cannibalism was recorded for U. monachus and U. nigriceps (Table 2).
Feeding habits of Suta were much broader than those of Unechis. Although skinks were the most common prey, they comprised only 20 of 54 prey items identifiable to family (37%; Table 3 ). Geckos (17%), agamids (17%) and mammals (20%) were the other important prey categories. Two records of predation on frogs were obtained (Table 3 ). The lizards consumed by Suta were similar in species composition to those taken by Unechis, but with a far lesser numerical concentration on scincid taxa. Northern and southern populations of Suta did not differ significantly from each other in dietary composition (combining the less common prey-type categories to ensure sufficient sample sizes: X2= 1.54, df = 4, P = 0.82). A similar analysis reveals, however, that Unechis and Suta differed strongly from each other in diets (X2= 131.89, df = 4, P < 0.001).
It seems highly probable that all species of Unechis and Suta are viviparous. Gravid specimens with well-developed oviductal embryos were examined in U. dwyeri (AM R 8853), U. flagellum (ANWC R 2878), U. gouldii (WAM R 5235, R 19134), U. nigriceps VJ 0 \C TABLE1. Sample sizes and body sizes of Unechisand Sutafrom different geographic areas. SVL= snout-vent length (cm). Some localities (states)are pooled because of low sample sizes, as follows: "N.5.W." U. flagellum include Victoria; "Victoria" U. nigriceps include N.S.W. and South Australia. "N.S.W." S. suta include Victoria; "South Australia" S. suta include those from Western Australia. .= record based on birth in captivity rather than dissection of gravid female. Table 4 provides data on litter size, estimated from counts of ovarian follicles or oviductal embryos. Fecundity is relatively low and is similar among all of the Unechis gouldii species group (mean litter sizes 3.0 to 3.7), but is higher in the larger "U." carpentariae(7.8), "U." nigrostriatus (5.5) and S. suta (4.6). Mean fecundity was highly correlated with mean maternal SVL in an interspecific comparison (Fig. li r = 0 .94, P < 0.01). In intraspecific comparisons, litter sizes. and maternal SVL were significantly correlated in 5 of 9 comparisons (Table 4).
Examination of ovaries of adult female snakes provided data on the seasonal timing of vitellogenesis and ovulation (Fig. 2) . In all of the species studied, ovaries contained relatively small follicles throughout autumn and winter (March to August), with most vitellogenesis in spring (September to November). Ovulation occurs in late spring and parturition in summer. However, there are several puzzling exceptions to this general trend, including three female U. flagellum with large follicles in midwinter, and a single U. gouldii with very large follicles in autumn (Fig. 2) . The latter case may represent resorption, but the former case cannot be explained away easily (unless collection data for this specimen are in error). The single gravid S. suta in autumn (Fig. 2) also is puzzling.
Detailed data on reproduction were obtained from a female S. suta of 48.5 cm SVL from northeastern Queensland (Arakoon, via Weipa) collected in December 1981. She gave birth to two live neonates (SVLs 14.7, 17.2 cmi masses 3.5, 3.3 g) and three apparently infertile ovocytes (26 x 14 mmi masses 2.3, 2.5, 2.6 g) on 1 February 1982. Her own mass changed from 54.2 g to 39.9 g at parturition, for a Relative Clutch Mass of 0.36 (excluding clutch mass from the denominator) or 0.26 (if clutch mass is included in both numerator and denominator).
DISCUSSION
Most of the traits studied in the present paper seem to be phylogenetically conservative within this lineagei the same is generally true within other elapid genera (Shine, 1985) . The data presented above are also consistent with results of a previous study of a single population of Unechis dwyeri near Armidale, N.S.W. (Shine, 1977a, b, c) . The Armidale population showed higher average body sizes and more pronounced sexual dimorphism than samples described here, but was similar in litter sizes, body size at birth, and size at sexual maturity. These apparent differences may reflect proximate environmental factors rather than specific, genetically-based adaptations in the Armidale animals. For example, increased survivorship should increase mean and maximum body sizes (and perhaps dimorphism, if the two sexes follow different growth trajectories). There is no need to invoke life-history adaptation to explain such geographic variation.
Unechis and Suta are broadly similar to other small elapids in most of the characteristics studied. For example, size at birth (12 to 15 cm SVL) and fecundity (approx. 3 offspring) are very close to those reported for similarly-sized Cacophis, Cryptophis and Furina (Shine, 1980 (Shine, , 1981a (Shine, , 1984a . How- ever, all four of these genera tend to produce slightly larger and fewer young than many other small elapid species (especially Neelaps, Simoselaps and Denisonia; Shine, 1983 Shine, , 1984b . The litters and offspring sizes of Unechis carpentariae and U. nigrostriatus are both larger than those of the U. gouldii species group (Table 4) , probably due simply to the larger adult body sizes of the former species (Fig. 1) . It is interesting to note that fecundity and neonatal SVL increase at about the same rate with increasing maternal body size (Fig. 1) . However, mass of neonates would presumably increase at a faster rate than fecundity. One aspect in which Unechis and Suta differ from most other viviparous Australian elapids is the infrequency of gravid specimens among museum collections. In most species studied to date, at least 10% of adult females in collections are gravid (e.g. Shine, 1984a for Cryptophis); the highest proportion recorded is in Drysdalia, where over 22% of 208 adult females contained oviductal young (Shine, 1981b) . In contrast, gravid animals represented only 3 of 104 adult female S. suta (2.9%) and 8 of 385 adult female Unechis (2.1%) examined in the present study. I speculate that gravid specimens may become extremely secretive, and perhaps select microhabitats where they are relatively invulnerable to human predation.
The approximately equal numbers of adult males and females in museum collections of Unechis and Suta (Table 1) are also characteristic of other previouslystudied genera of small, secretive elapids (e.g. Cacophis, Denisonia, Drysdalia; Shine, 1980 Shine, , 1981b Shine, , 1983 . In contrast, collections of large diurnal elapid species are usually heavily biased toward adult males (e.g. Oxyuranus, Pseudechis; Shine and Covacevich, 1983; Shine, 1987a) . I suggest that this difference represents collecting bias rather than any real skewness in adult sex ratio. Male elapids may move very extensively during the mating season (e.g. Shine, 1987b) , and hence males may be more likely to be collected than females. This effect should be more pronounced in large and conspicuous taxa than in small, cryptic, and nocturnal species. In the latter group, more extensive movements by males may not significantly increase their vulnerability to collection, because almost all specimens are found by turning cover.
The overall similarity between Unechis and Suta in morphology and reproductive biology does not extend to food habits. Unechis are almost exclusively saurophagous, whereas prey items other than lizards comprised over 20% of the diet of Suta TABLE4. Litter sizes of Unechis and Suta species, based on counts of oviductal young or enlarged ovarian follicles. Table gives ( Tables 2 and 3 ). Frequent references to insects in the diet of Unechis (e.g. Kinghorn, 1929; Glauert, 1957; Rawlinson, 1965; Gow, 1976; Jenkins and Bartell, 1980) were not substantiated by the present study: insectivory by small elapids seems to be one of the most widespread myths of Australian herpetology (see Shine, 1977a Shine, , 1980 . The higher number of midbody scale rows in Suta than in Unechis may be an adaptation to the more diverse diet (and especially, larger prey size) of the former genus; such a cQrrelation has been documented in the snake faunas of other continents. How- habits between Unechis and Suta are elusive. Snakes of both genera are nocturnal (McPhee, 1979; Cogger, 1983) , and hence forage actively at night for sleeping diurnal lizards. The non-lizard prey eaten by Suta (mammals and frogs) are common also within the geographic ranges of many species of Unechis, and it is difficult to believe that they do not encounter such potential prey while foraging. There are, however, at least two possible differences between the snake genera that could account for this dietary difference. Firstly, Suta may use ambush predation as well as active foraging. There are no observations to support or refute this hypothesis, but it is consistent with the inclusion of nocturnally-active prey items (mammals, frogs) in the diet of this nocturnally foraging snake. Secondly, Unechis might be too small to consume mammalian or amphibian prey. This seems unlikely, as some "Unechis" are larger than Suta (Table  1) , and many of the individual Suta con:-taining mammalian or amphibian prey were relatively small (SVLs 25.3, 32.5, 32.6, 33 .7 cm, etc., for mammals; SVLs 21.8, 28.8 cm for amphibians).
Although these data suggest that larger body size is not the primary reason for the more generalized diet of Suta as compared to Unechis, it is nonetheless true as a general rule within the Australian elapids that larger species have more catholic food habits. For example, the large taxa Austrelaps, Pseudechis and Pseudonaja have very diverse diets, whereas smaller snakes such as Unechis, Furina, Cacophis, Demansia, Drysdalia, . Simoselaps and Cryptophis feed almost exclusively on lizards (Shine, 1977a et seq.) . A few small species feed mainly on frogs (Hemiaspis and eastern Denisonia). Apart from Suta, the only small species that regularly eat both lizards and frogs are EchiopSiBcuria, Elapognathus minor, Drysdalia coronata and Hemiaspis signata (see Shine references). These taxa and their more stenophagous relatives may provide an ideal opportunity to investigate the determinants of dietary breadth in snakes. Dietary specialization is one of the most prominent characteristics of the ecology of snakes (e.g. Toft, 1985) ; detailed behavioral studies on foraging by such pairs of taxa (e.g. Unechis vs. Suta) may clarify both the evolutionary and proximate causation of this phenomenon. Data gathered in the present study also reinforce the point that lizards, especially scincid lizards, are the major prey type eaten by most Australian elapid snakes. This probably reflects availability rather than "choice"; other potential prey types (mammals, fishes, even amphibians) may be less common in many Australian habitats than in analogous areas in other countries (Calaby, 1971; Shine, 1977a) . Thus, for example, large elapids with very generalized diets eat mainly reptiles in some parts of their range (e.g. Pseudechis australis in South Australia), probably because no other prey types are available. Even boid snakes, which usually eat mammalian prey, may feed mainly on reptiles in some parts of Australia (e.g. Aspidites melanocephalus, Liasis perthensis: un pub 1.data). It seems clear that the evolutionary radiation of Australian snakes has depended to a considerable degree on the radiation of scincid lizards.
